Abstract. In present paper the problem of efficiency evaluation of technical system by measurable structural design parameters is investigated. To accomplish the purpose of considered problem the mathematical model is constructed in the form of a finite-dimensional operator equation, where desired elements are both influence weights of the calculated structural design parameters and technical effectiveness indicator of the system. First, the constructed model is reduced to the normal system, and then the apparatus of the ill-posed inverse problem theory is used for the reduced problem: a regularizing operator is constructed and an algorithm for finding the regularization parameter is developed.
INTRODUCTION
The technical system according to one of numerous definitions (see, for instance, [1] , [2] ) is a set of elements of the system (mechanisms, assemblies, components and similar components of the system) that interact with each other during the process of performing the specified functions. In the named definition it is worth to emphasize that the concepts "the technical system" and "the system components" can be mutually expressed one by the other, and depending on the purpose of the research, the required accuracy, the information level about the reliability and the similar factors and characteristics, the considered / introduced concrete concept "the technical system" for the certain problem-target can be converted into "the system element" for another problem-target. However, in contrast to the above given definition of the technical system, in this paper we distinct the "system" and "elements" concepts and we try to identify, first, the level of influence (in other words: the importance / significance / weight / weight of influence) of possible defects in each element of the technical system on the operability of all other elements (with or without possible defects in these elements) of the same technical system; second, the resulting / cumulative impact of possible defects in all elements of the given technical system on the operation of the whole investigated technical system.
Here, anticipating things, it is necessary to note the following:
 if such mutual influence of possible defects in the elements of the technical system are missing or negligible then the investigation results of the constructed mathematical model, which describes the considering problem of the defects mutual influence, should reflect this fact;  the technical system possible defects in all elements resulting / cumulative influence on the operating of the whole studied technical system is not a simple sum of the effects of these defects, and, moreover, may not be a linear combination (with constant coefficients) of the effects of these defects. The aforementioned considerations lead us to the following two natural questions:
1. What is the measure of influence of each element possible defects of the given technical system on each of all the other technical system elements performance? Is it possible to define these individual measures of defects mutual influence in cases when there is only given a set of calculated / controllable parameters measurement values of the system? 2. If the answer to the first question, which has been formulated above, is positive, then is it possible to stably (in the sense of Tikhonov: see, for instance, [3] ) find out the effectiveness of the technical system under investigation without any additional assumptions and information? Before attempting to answer these two questions, let us briefly discuss the general scheme of the technical systems effectiveness quantitative evaluation. It should be emphasized that speaking about the technical system effectiveness usually is meant the effectiveness of its use as an active mean for typical operations, for which purposes the system is intended. If the considered technical system is a multi-purpose, and if such a multipurpose technical system for each objective has a high efficiency, it means that such a system has wide functionality, i.e. it has qualities that reflect the ability of the system to meet the challenges associated with achieving each goal. In applied researches, the effectiveness of technical systems usually has to solve the following two problems: (1) the problem of choice, which essence is to evaluate operations effectiveness with the use of technical system; (2) the problem of choice, which essence lies in the choice of a rational strategy for the use of technology in the operation. The problem of effectiveness is closely related to the reliability problem in technical systems see, for instance, [4] , [5] ). The complexity growth of technical systems reduces their reliability and, therefore, reduces their effectiveness. Unreliable technical system cannot be an effective way of achieving the goal. The operation effectiveness analysis provides an approach to determine the required parameters of the technical system reliability that are used as active means in the operation. This is one of the important aspects of the reliability and effectiveness problems interconnection. Another aspect of the relationship of these problems is to determine the rational ways of use for the available resources to improve the reliability of the developing technical systems.
The essence of this work -to give an unequivocal answer for the formulated above two important issues without requiring additional information about the technical state of system elements. As it will be shown the obtaining of such a clear answer is done by transformation of the technical system efficiency indicator finding task to the inverse problem, which has the form of the first kind finite-dimensional operator equation, and a subsequent development of a regularized method for its sustainable solutions.
II GENERAL SCHEME OF EFFICIENCY EVALUATION OF TECHNICAL SYSTEMS AND METHODS OF WEIGHTING COEFFICIENTS
There are many methods for the quantitative evaluation of the effectiveness of technical systems (see, for instance, [1] , [4] , [5] ), the majority of which are operation research methods: the criterion of efficiency and constraints (significant and sign constraints) are made; the output effect and costs (or the result of the operation of the technical system) are determined, wherein, the costs can be determined at the production or design stages of the considered technical system, as well as during operation of the system. However, all these methods have a common scheme, which can be represented as the functional 
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The effectiveness evaluation of the technical systems according to the rule (2) has the disadvantage -the solution of the corresponding optimization problem (i.e., the same problem (2) with significantly different other partial indicators that satisfy the constraints; therefore, it cannot be guaranteed that the determined version of the system will be closer to the optimum. One of the widely used and well-studied methods for the effectiveness estimation of technical systems is the method of weighting coefficients, in which the function F is represented as a linear combination of functions   
partial quality indicator and generally speaking, is the desired number; set  is called the set of importance or preference. Without going into details, we list the well-known, the main advantages and disadvantages of the method of weighting coefficients (3), the final destination of which is the choice of the best option among the alternatives in the development, design or operation of complex technical systems. As the merits may be listed the following: ease of formalization; the possibility of taking into account all the main partial quality indicators; opportunity to take into account the preferences of the decision maker about the problem during the weighting coefficients setup; clear physical / technical / economic sense. The main drawbacks the following may be indicated: subjectivity in weighting coefficients; the accountability lack of dependence on the weighting coefficients values of partial quality indicators.
In conclusion of this section we note that the independent objectives are both determination of the weighting coefficients of partial quality indicators of the technical system and the problem of finding / evaluation of these partial system indicators. Currently, there are a lot of analytical, analytical and numerical, logical, statistical, sets and graphs based, expert, etc. methods, which are successfully used, for solving these independent problems. Exhaustive information about the basic and the most common these methods, as well as a fairly complete overview of them with reasonable instructions of strengths, weaknesses and areas of application can be found in [5] , [6] . Exhaustive information on the design of experiments in technics / technology and processing of the obtaining experimental data can be found in [7] - [9] . Therefore, in this paper we will not deal with any problem of finding controllable / calculated structural design parameters   1, of system elements is unable to determine which of the controllable/calculated structural design parameters of technical system in a given period of time has a significant impact on partial indicators of the elements of the technical system and, consequently, the common efficiency indicator of the system. Furthermore, according to this formula it is impossible to determine how different is the influence of the same structural design parameters to different parts of the system, which partial quality indicators (consequently, their reliability) significantly differ from each other or, conversely, very similar. In other words, the formula (4) does not distinguish the influence measure of each controlled parameter of the system on common efficiency indicator of the system, both in time and in the given set of controlled technical parameters for each element of the system. Therefore, the partition of the elements of technical system under consideration by their influence both on the partial quality indicators of elements, and the common efficiency of the whole system is impossible. Obviously, the disadvantage of the formula (4) is removed if for each element of the system we will take into account each controllable technical parameter with its "individual influence" -the weight, which will depend on both the time t and on each controlled/calculated indicator (index j ) of each element (index i ) of considered technical system. In other words, instead of the method (3) we propose to consider the method (let us call it the method of individual weighting coefficients), in which the functional of efficiency indicator of technical system has the form
where n   is a number of controllable/calculated structural design parameters of technical system; m   is the elements number of the technical system; for each fixed   : we obtain the following final analytical formula for the functional in the proposed method of the individual weighting coefficients:
So, summarizing the abovementioned and abstracting from the subject area of the considered problem, we can formulate the following mathematical problem: it is required to find a stable solution of a linear algebraic equations system (6) 
Obviously, the system (6) is not a normal system, and therefore, the concept of its "solution" should be clarified. .
Then the system (6) has the form:
where
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Thus, the original problem (6) is reduced to the problem (9), where we want to define the
of unknown is larger exactly by n values than the amount of equations. In other words, the system (9) is an underdetermined system of linear algebraic equations. Hence, the question arises: what should we mean by a solution of the system (9)? We introduce the following concept. Definition 1. Let us call the element W  as a generalized solution of underdetermined system (9) if 2 . arg min ,
where the norm in a Euclidean space 
and then we equate it to zero:
Hence, due to the arbitrariness of the increment , W  we will have
(11) The finite-dimensional operator equation (11) (9) is a classical solution of the normal system of linear algebraic equations (11), and vice versa. Since the matrix , X  elements of which are calculated by the formula (7), is strongly sparse matrix, the determinant of the principal matrix the Hadamard correctness (see, for instance, [3] , [13] , [14] ) of the system (9) in the sense of a generalized solution, namely, the generalized solution, as the solution of the normal system (11), may be nonunique, and then is determined up to elements of the kernel ker X  of main matrix . X  Therefore, in this case if (1) W  is a generalized solution of the system (9), then each column-vector
is an element of the kernel ker ,
 will also be a generalized solution of the system (9), moreover, all these solutions can arbitrarily differ from each other. Therefore, there should be formulated solution selection criterion. The following concept gives the criterion: Definition 2. The generalized solution with minimal Schur norm we call the normal generalized solution. In addition, the pseudosolution of the system
; i.e. such that
The given theoretical reasoning of the papers [17] - [19] guarantees the algorithm is finite, and the result of the algorithm will be a normal generalized solution of the system (6). Remark. The desired optimal regularization parameter opt    can be found by means of qualitatively different method -generalized residual method (see, for instance, see [20] ), which is more versatile and accurate method, but also requires more complex calculations. A qualitatively new approach to find quasi-optimal regularization parameter, which combines simplicity and accuracy, is in detail described (with many appendices) in the monographs [13] , [14] ).
VI CONCLUSIONS
In this paper we investigate the problem of the effectiveness estimation of the technical systems from the measurable structural design parameters. A fundamentally new approach, where, in contrast to the traditional approaches, is no need to determine in advance the kind of partial quality indicators of the technical system and to find the weights of these partial indicators (the weights determination of particular indicators is subjective and ambiguous: hence, it cannot be guaranteed to identify which option of the destination choice weights provides optimal effectiveness of the studied technical system). The proposed in this paper approach is based on the apparatus of the inverse and ill-posed problem theory, namely, first, a mathematical model is built, which is the underdetermined finite-dimensional operator equation with respect to unknown influence weights of the calculated structural design parameters, as well as the desired effectiveness indicator of the technical system; the built model is reduced in a special way to the normal system of algebraic equations with approximate initial data; the parametric regularizing operator is built for a stable solving of the obtained normal system -this operator, in case of an appropriate parameter choice (which is called the Tikhonov regularization parameter), guarantees the stability of the approximate solution found for the normal system; the fairly simple to implement and efficient algorithm of finding the regularization parameter is offered for the constructed regularizing operator; a closed formula determines the calculated structural design parameters weights of the technical system and, thus, the effectiveness rate of the technical system under study.
It should also be noted that the proposed approach eliminates one of the main drawbacks of a well-known and frequently used method of weighting coefficients (this method is the main method for multicriterion linear programming problems solving) -the accountability lack of the weighting coefficients dependence on the partial quality indicators values of the considered technical system.
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